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[Name of Document] SPECIFICATION 

[Title of Invention] SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 
[Claim for Patent] 

[Claim 1] A semiconductor integrated circuit device having a dynamic 
RAM, said dynamic RAM comprising a memory array, a RAM control section, 
an ECC-codec circuit, and an ECC controller, said RAM control section 
comprising a command decoding section responsive to an external command 
from the outside of said dynamic RAM for decoding the external command and 
a super self-refresh control circuit, wherein: 

said command decoding section is also adapted to receive an internal 
command generated inside said dynamic RAM and to decode the internal 
command; 

said ECC controller comprising a command generating section and an 
address generating section; 

said command decoding section delivering a start instruction signal 
representative of encoding to said ECC controller when an entry command is 
decoded as the external command; 

said command generating section of said ECC controller delivering, 
upon reception of the start instruction signal, a first operation mode signal 
representative of the encoding to said ECC-codec circuit and simultaneously 
making said address generating section of said ECC controller sequentially 
generate addresses corresponding to operation timings of the first operation 
mode signal and supply the addresses to said memory array; 

said ECC-codec circuit carrying out, upon reception of the first 
operation mode signal, an encoding operation of producing a check bit for error 
detection/correction with reference to information data stored in said memory 
array and writing the check bit into a predetermined region of said memory 
array; 

said command generating section of said ECC controller delivering, 
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upon completion of the encoding operation by said ECC-codec circuit, a first 
end signal as the internal command to said command decoding section; 

said super self-refresh control circuit of said RAM control section 
starting, when said command decoding section receives and decodes the first 
end signal as the internal command, a super self-refresh operation which has a 
refresh cycle lengthened within an allowable range of error occurrence by an 
error correcting operation using the check bit. 

[Claim 2] A semiconductor integrated circuit device as claimed in claim 
1, wherein: 

the entry command is supplied by a user to said dynamic RAM. 
[Claim 3] A semiconductor integrated circuit device as claimed in claim 
1, wherein: 

said command decoding section delivering, when an exit command as 
the external command is decoded, a stop instruction signal representative of 
decoding to said ECC controller, said super self-refresh control circuit of said 
RAM control section finishes the super self-refresh operation when said 
command decoding section decodes the exit command; 

said command generating section of said ECC controller delivering, 
upon reception of the stop instruction signal, a second operation mode signal 
representative of the decoding to said ECC-codec circuit and simultaneously 
making said address generating section of said ECC controller sequentially 
generate addresses corresponding to operation timings of the second operation 
mode signal and supply the addresses to said memory array; 

said ECC-codec circuit carrying out, upon reception of the second 
operation mode signal, a decoding operation of reading the check bit for error 
detection/correction from the predetermined region of said memory array and 
correcting, with reference to the check bit and the information data stored in 
said memory array, an error in the information data to rewrite the information 
data; 
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said command generating section of said ECC controller delivering, 
upon completion of the decoding operation by said ECC-codec circuit, a second 
end signal as the internal command to said command decoding section. 

[Claim 4] A semiconductor integrated circuit device as claimed in claim 
3, wherein: 

said command generating section of said ECC controller delivers the 
second end signal to said command decoding section of said RAM control 
section as the internal command upon completion of the decoding operation by 
said ECC-CODEC circuit; 

said RAM control section automatically starting a self-refresh operation 
and holding data in response to the second end signal. 

[Claim 5] A semiconductor integrated circuit device as claimed in claim 
3, wherein: 

said command generating section of said ECC controller delivers the 
second end signal to said command decoding section of said RAM control 
section as the internal command upon completion of the decoding operation by 
said ECC-codec circuit; 

said RAM control section subsequently receiving a refresh operation 
instruction from the outside and holding data. 

[Claim 6] A semiconductor integrated circuit device as claimed in claim 
3, wherein: 

the entry command and the exit command are supplied by a user to 
said dynamic RAM. 

[Claim 7] A semiconductor integrated circuit device having a dynamic 
RAM, said dynamic RAM comprising a memory array, a RAM control section, 
an error correction circuit, and a BIST (BUILT-IN SELF-TEST) controller, said 
RAM control section comprising a command decoding section responsive to an 
external command from the outside of said dynamic RAM for decoding the 
external command, wherein: 
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said command decoding section is also adapted to receive an internal 
command generated inside said dynamic RAM and to decode the internal 
command; 

said BIST controller comprising a command generating section and an 
address generating section; 

said command decoding section delivering a start instruction signal 
representative of checking to said error correction circuit when a BIST entry 
command is decoded as the external command; 

said command generating section of said BIST controller delivering, 
upon reception of the start instruction signal, an operation mode signal 
representative of the checking to said error correction circuit and simultaneously 
making said address generating section of said BIST controller sequentially 
generate addresses corresponding to operation timings of the operation mode 
signal and supply the addresses to said memory array; 

said error correction circuit producing, upon reception of the operation 
mode signal, write data corresponding to the addresses sequentially generated, 
writing the write data into a predetermined region or an entire region of said 
memory array, then producing expectation data corresponding to the addresses 
sequentially generated, comparing the expectation data with information data 
read from said memory array, detecting an error in the information data, and, 
upon completion of error detection, delivering an end signal as the internal 
command to said command decoding section; 

delivery of the operation mode signal being stopped when said 
command decoding section receives and decodes the end signal as the internal 
command. 

[Claim 8] A semiconductor integrated circuit device as claimed in claim 
7, wherein: 

the BIST entry command is supplied by a user to said dynamic RAM. 
[Claim 9] A semiconductor integrated circuit as claimed in claim 7, 
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wherein: 

said BIST controller further comprises a register circuit which holds the 
result of the error detection; 

said BIST controller making said register circuit deliver the result of 
error detection to the outside when said command decoding section receives a 
readout instruction as the external command. 

[Claim 10] A semiconductor integrated circuit device as claimed in 
claim 3, wherein: 

said ECC-codec circuit further comprises a register circuit which holds 
an error detection signal of said ECC-codec circuit as a result of error detection; 

said ECC-codec circuit making said register circuit deliver the result of 
error detection to the outside when said command decoding section receives a 
readout instruction as the external command. 

[Claim 11] A semiconductor integrated circuit device as claimed in 
claim 3, wherein: 

said ECC controller further comprises a register circuit which holds an 
error location detection instruction of said ECC controller as a result of the error 
detection; 

said ECC controller making said register circuit deliver the result of error 
detection to the outside when said command decoding section receives a 
readout instruction as the external command. 

[Claim 12] A semiconductor integrated circuit device as claimed in 
claim 3, wherein: 

sequential decoding is used in decoding an error correction code in said 
super self-refresh operation, error location detection being executed by 
backward cyclic shift of a cyclic shift register, other operations being executed 
by forward cyclic shift. 
[Detailed Description of the Invention] 

[0001] 
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[Technical Field of the Invention] 

This invention relates to a semiconductor integrated circuit device 
including a memory device having a super self-refresh mode. 
[0002] 
[Prior Art] 

Basically, this invention relates to a memory device (for example, a 
DRAM of a clock synchronization type: SDRAM (Synchronous Dynamic 
Random Access Memory) using a DRAM (Dynamic Random Access Mmemory) 
cell and relates to control of a refresh operation of reading charge information of 
the DRAM cell and rewriting the same before charges of the DRAM cell fade 
away and are lost. In particular, this invention relates to a super self-refresh 
operation which has a longer cycle as compared with a normal self-refresh 
operation. 

[0003] 

Patent Document 1 discloses a structure of a SDRAM having a super 
self-refresh mode. In order to achieve the super self-refresh mode, the 
above-mentioned Patent Document 1 discloses in Fig. 1 an example in which 
the SDRAM comprises first through fourth ECC (Error Correcting Code) - 
CODEC (Coder-Decoder) circuits as first through fourth coder/decoder circuits 
in one-to-one correspondence to first through fourth banks of the SDRAM and 
the first through the fourth ECC-CODEC circuits are connected to a control logic 
(i.e., a control circuit) of the SDRAM. In order to achieve the super self-refresh 
mode, the above-mentioned Patent Document 1 discloses another example in 
which the SDRAM comprises a single ECC-CODEC circuit in common to first 
through fourth banks of the SDRAM and the ECC-CODEC circuit is connected 
to a control logic (i.e., a control circuit) of the SDRAM. 

[0004] 

Furthermore, the above-mentioned Patent Document 1 discloses in 
paragraphs [0005] and [0006] "When a dynamic RAM enters an operation mode 
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in which only a data holding operation is performed, a check bit for error 
detection/correction for a plurality of data is generated and stored by using the 
ECC-CODEC circuit. Refresh operation is performed in a refresh cycle which 
is lengthened within an allowable range of error occurrence by an error 
correcting operation using the check bit (the refresh operation of such a long 
cycle is a super self-refresh operation). Before returning from the data holding 
operation to a normal operation, the ECC-CODEC circuit corrects an error bit by 
using the above-mentioned data and the check bit." 
[0005] 

[Patent Document 1] 

Japanese Unexamined Patent Application Publication (JP-A) No. 
2002-056671 (see claims, paragraphs [0005] and [0006], et al.) 
[0006] 

[Problem to be Solved by the Invention] 

However, the above-mentioned Patent Document 1 does not disclose a 
circuit structure of an ECC controller connected between the control logic of the 
SDRAM and the first through the fourth ECC-CODEC circuits or between the 
control logic of the SDRAM and the common ECC-CODEC circuit to control the 
ECC-CODEC circuits or circuit under control of the control logic of the SDRAM. 

[0007] 

It is therefore an object of this invention to provide a semiconductor 
integrated circuit device comprising an ECC controller for controlling an 
ECC-CODEC circuit under control of a control logic of an SDRAM. 

[0008] 

Other objects of this invention will become clear as the description 
proceeds. 

[0009] 

[Means to Solve the Problem] 

A semiconductor integrated circuit device according to this invention is 
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as follows: 

[0010] 

(1) A semiconductor integrated circuit device having a dynamic RAM, 
the dynamic RAM comprising a memory array, a RAM control section, an 
ECC-codec circuit, and an ECC controller, the RAM control section comprising 
a command decoding section responsive to an external command from the 
outside of the dynamic RAM for decoding the external command and a super 
self-refresh control circuit, wherein: 

the command decoding section is also adapted to receive an internal 
command generated inside the dynamic RAM and to decode the internal 
command; 

the ECC controller comprising a command generating section and an 
address generating section; 

the command decoding section delivering a start instruction signal 
representative of encoding to the ECC controller when an entry command is 
decoded as the external command; 

the command generating section of the ECC controller delivering, upon 
reception of the start instruction signal, a first operation mode signal 
representative of the encoding to the ECC-codec circuit and simultaneously 
making the address generating section of the ECC controller sequentially 
generate addresses corresponding to operation timings of the first operation 
mode signal and supply the addresses to the memory array; 

the ECC-codec circuit carrying out, upon reception of the first operation 
mode signal, an encoding operation of producing a check bit for error 
detection/correction with reference to information data stored in the memory 
array and writing the check bit into a predetermined region of the memory array; 

the command generating section of the ECC controller delivering, upon 
completion of the encoding operation by the ECC-codec circuit, a first end 
signal as the internal command to the command decoding section; 
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the super self-refresh control circuit of the RAM control section starting, 
when the command decoding section receives and decodes the first end signal 
as the internal command, a super self-refresh operation which has a refresh 
cycle lengthened within an allowable range of error occurrence by an error 
correcting operation using the check bit. 

[0011] 

(2) A semiconductor integrated circuit device as described in (1), 
wherein: 

the entry command is supplied by a user to the dynamic RAM. 
[0012] 

(3) A semiconductor integrated circuit device as described in (1), 
wherein: 

the command decoding section delivering, when an exit command as 
the external command is decoded, a stop instruction signal representative of 
decoding to the ECC controller, the super self-refresh control circuit of the RAM 
control section finishes the super self-refresh operation when the command 
decoding section decodes the exit command; 

the command generating section of the ECC controller delivering, upon 
reception of the stop instruction signal, a second operation mode signal 
representative of the decoding to the ECC-codec circuit and simultaneously 
making the address generating section of the ECC controller sequentially 
generate addresses corresponding to operation timings of the second operation 
mode signal and supply the addresses to the memory array; 

the ECC-codec circuit carrying out, upon reception of the second 
operation mode signal, a decoding operation of reading the check bit for error 
detection/correction from the predetermined region of the memory array and 
correcting, with reference to the check bit and the information data stored in the 
memory array, an error in the information data to rewrite the information data; 

the command generating section of the ECC controller delivering, upon 
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completion of the decoding operation by the ECC-codec circuit, a second end 
signal as the internal command to the command decoding section. 
[0013] 

(4) A semiconductor integrated circuit device as described in (3), 
wherein: 

the entry command and the exit command are supplied by a user to the 
dynamic RAM. 
[0014] 

(5) A semiconductor integrated circuit device having a dynamic RAM, 
the dynamic RAM comprising a memory array, a RAM control section, an error 
correction circuit, and a BIST (BUILT-IN SELF-TEST) controller, the RAM 
control section comprising a command decoding section responsive to an 
external command from the outside of the dynamic RAM for decoding the 
external command, wherein: 

the command decoding section is also adapted to receive an internal 
command generated inside the dynamic RAM and to decode the internal 
command; 

the BIST controller comprising a command generating section and an 
address generating section; 

the command decoding section delivering a start instruction signal 
representative of checking to the error correction circuit when a BIST entry 
command is decoded as the external command; 

the command generating section of the BIST controller delivering, upon 
reception of the start instruction signal, an operation mode signal representative 
of the checking to the error correction circuit and simultaneously making the 
address generating section of the BIST controller sequentially generate 
addresses corresponding to operation timings of the operation mode signal and 
supply the addresses to the memory array; 

the error correction circuit producing, upon reception of the operation 
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mode signal, write data corresponding to the addresses sequentially generated, 
writing the write data into a predetermined region or an entire region of the 
memory array, producing expectation data corresponding to the addresses 
sequentially generated, comparing the expectation data with information data 
read from the memory array, detecting an error in the information data, and, 
upon completion of error detection, delivering an end signal as the internal 
command to the command decoding section; 

delivery of the operation mode signal being stopped when the 
command decoding section receives and decodes the end signal as the internal 
command. 

[0015] 

(6) A semiconductor integrated circuit device as described in (5), 
wherein: 

the BIST entry command is supplied by a user to the dynamic RAM. 
[0016] 

[Mode of Embodying the Invention] 

Now, description will be made of embodiments of this invention with 
reference to the drawing. 
[0017] 

A super self-refresh (long-cycle self-refresh) operation addressed by 
this invention is not a typical refresh operation but is intended to minimize 
current consumption required in a refresh operation of a memory device. In 
case where a long-term suspension state is started without carrying out a 
memory operation (in case where such command is set to the memory device), 
power supply of the memory device is reduced to 0 V except specific parts (for 
example, a counter electrode potential of a memory cell capacitance: a cell 
plate: a control circuit or a counter of a refresh portion) to avoid useless current 
consumption. In addition, a refresh interval of a DRAM cell is extended to 
several tens of times that of the typical refresh operation (for example, 10 
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seconds). Thus, the number of times of refresh operations during a unit time 
period is reduced so as to save a refresh current. 
[0018] 

In the super self-refresh operation, the number of times of refresh 
operations during a unit time period is reduced. In this event, charges may be 
lost and cell information may be collapsed in a very small part of cells (for 
example, spoiled or defective bit: tail bit: at the probability of occurrence of 
about 0.0037%). Therefore, a memory device having a super self-refresh 
mode is required to have an ECC (Error Correcting Code) - CODEC 
(Coder-Decoder) circuit for recovering the information (correcting an error) for 
those cells. 

[0019] 

Thus, the super self-refresh operation is self-refresh control 
characterized in that the ECC-CODEC circuit is mounted so as to allow a 
long-time refresh suspension period and that an internal power supply is 
reduced to 0 v during the refresh suspension period so as to achieve ultra-low 
current consumption. 

[0020] 

Referring to Fig. 1, a semiconductor integrated circuit device according 
to one embodiment of this invention comprises a 64-Mb SDRAM 10 having a 
super self-refresh mode. The SDRAM 10 having a super self-refresh mode is 
a semiconductor dynamic memory for carrying out data input/output operations 
in synchronization with an external input clock CLK, and comprises first through 
fourth memory arrays (first through fourth banks #0 through #3). Among the 
first through the fourth banks #0 to #3, the second and the third banks #1 and 
#2 are not shown in the figure for convenience of illustration but are similar in 
structure to the first and the fourth banks #0 and #3. The semiconductor 
integrated circuit device has, as interfaces, clock terminals and control signal 
terminals including CLK (clock), CKE (clock enable), CS (chip select), WE (write 
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enable), CAS (column address enable), and RAS (row address enable), 
address signal terminals including A0-A11 (memory array address) and 
BA0-BA1 (bank address), and data input/output signal terminals including DQM 
(data mask signal) and DQ0-DQ7 (data input/output signal). 
[0021] 

Although not shown in the figure, the semiconductor integrated circuit 
device has Vcc and Vss (GND) terminals as external power supply terminals. 
[0022] 

The semiconductor integrated circuit device further comprises a control 
logic (CONTROL LOGIC) 209 of the SDRAM 10, a single ECC-CODEC circuit 7 
corresponding in common to the first through the fourth banks #0 through #3 of 
the SDRAM 10, and an ECC controller 6 connected between the control logic 
209 and the ECC-CODEC circuit 7 for controlling the ECC-CODEC circuit 7 
under control of the control logic 209. 

[0023] 

The control logic 209 comprises an input buffer circuit (COMMAND 
DECODE) 8 responsive to an external command as a combination of a CS 
(chip select) signal, a WE (write enable) signal, a CAS (column address enable) 
signal, and a RAS (row address enable) signal for decoding the command. 
The input buffer circuit (COMMAND DECODE) 8 is also adapted to receive an 
end signal (READY) and an internal operation command 2 from the ECC 
controller 6 as an internal command and to decode the internal command. 

[0024] 

The ECC controller 6 controls the ECC-CODEC circuit 7 under control 
of the input buffer circuit (COMMAND DECODE) 8 of the control logic 209 to 
carry out the super self-refresh operation as follows. 

[0025] 

Referring to Fig. 2, the super self-refresh operation of the 
semiconductor integrated circuit device in Fig. 1 will briefly be described. 
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[0026] 

In the above-mentioned semiconductor integrated circuit device, the 
input buffer circuit (COMMAND DECODE) 8 of the control logic (CONTROL 
LOGIC) 209 of the SDRAM 10 decodes the external command as a 
combination of the CKE, CS, WE, CAS, and RAS signals and, if a super 
self-refresh entry command (SSELF: see External Operation at a third line in 
Fig. 2) is obtained as a result of decoding, delivers a start (START) instruction 
signal (ENCODE) to the ECC controller 6 as a control signal 1 . The start 
instruction signal (ENCODE) is shown in a fourth line in Fig. 2 as a high-level 
part. At the time when the input buffer circuit (COMMAND BUFFER) 8 obtains 
the super self-refresh entry command (SSELF), supply of an external clock 
(CLK: see a second line in Fig. 2) to the SDRAM 10 is stopped. Supplied with 
the start instruction signal (ENCODE), the ECC controller 6 is supplied with an 
internal clock (ICLK: see a sixth line in Fig. 2). Supplied with the internal clock 
(ICLK), the ECC controller 6 delivers an operation mode signal 4 representative 
of encoding to the ECC-CODEC circuit 7. 

[0027] 

Supplied with the operation mode signal 4 representative of the 
encoding, the ECC-CODEC circuit 7 starts an encoding operation. Specifically, 
the ECC-CODEC circuit 7 generates parity data (check bits for error detection 
and correction) with reference to information data stored in each bank of the 
memory and writes the generated data into a parity memory region (PARITY) of 
each bank of the memory (Parity Generation with Refresh: see Internal 
Operation at a tenth line (last line) in Fig. 2). 

[0028] 

After completion of generation of the parity data and writing of the 
generated data into the parity memory region (PARITY) by the ECC-CODEC 
circuit 7, the ECC controller 6 delivers the end signal (READY: see a ninth line 
in Fig. 2) as the internal command 2 to the input buffer circuit (COMMAND 



15 



DECODE) 8. 

[0029] 

The input buffer circuit (COMMAND DECODE) 8 receives and decodes 
the end signal (READY) as the internal command 2 and then stops supply of 
the start instruction signal (ENCODE: the fourth line in Fig. 2) to the ECC 
controller 6. The supply of the internal clock (ICLK: the sixth line in Fig. 2) to 
the ECC controller 6 is also stopped. 

[0030] 

When the input buffer circuit (COMMAND DECODE) 8 receives and 
decodes the end signal (READY) as the internal command 2, a self-refresh 
control circuit 9 of the control logic (CONTROL LOGIC) 209 of the SDRAM 10 
starts the super self-refresh operation depicted at an uppermost part in Fig. 2. 
The super self-refresh operation is carried out by turning off an internal power 
supply (Power OFF: POFF: see Internal Operation at the last line in Fig. 2), 
maintaining a long-time suspension state (for example, 10 seconds), turning on 
the internal power supply (Power ON: PON: see Internal Operation at the last 
line in Fig. 2), carrying out normal refresh (Burst-Refresh: see Internal 
Operation at the last line in Fig. 2: for all cells in a burst fashion, without error 
correction based on the parity data), and thereafter repeating POFF, PON, and 
Burst-Refresh a desired number of times. 

[0031] 

Thereafter, the input buffer circuit (COMMAND BUFFER) 8 of the 
control logic (CONTROL LOGIC) 209 of the SDRAM 10 decodes the external 
command as a combination of CKE, CS, WE, CAS, and RAS signals and, if a 
super self-refresh exit command (SSELFX: see External Operation at the third 
line in Fig. 2) is obtained as a result of decoding, delivers a stop (STOP) 
instruction signal (DECODE) to the ECC controller 6 as the control signal 1 . 
The stop instruction signal (DECODE) is shown in a fifth line in Fig. 2 as a 
high-level part. When the stop instruction signal (DECODE) is supplied, the 
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ECC controller 6 is supplied with the internal clock (ICLK: the sixth line in Fig. 2). 
Supplied with the internal clock, the ECC controller 6 delivers the operation 
mode signal 4 representative of decoding to the ECC-CODEC circuit 7. 
[0032] 

Supplied with the operation mode signal 4 representative of the 
decoding, the ECC-CODEC circuit 7 starts a decoding operation. Specifically, 
the ECC-CODEC circuit 7 reads the parity data and, with reference to the parity 
data and the information data stored in the memory, corrects an error in the 
information data and rewrites corrected information data (Correct with Refresh: 
see Internal Operation at the last line in Fig. 2). The error correction and the 
rewriting are carried out for all cells in a memory region. 

[0033] 

After completion of the error correction and the rewriting by the 
ECC-CODEC circuit 7, the ECC controller 6 delivers the end signal (READY) as 
the internal command 2 to the input buffer circuit (COMMAND DECODE) 8. 

[0034] 

When the end signal (READY) is received and decoded as the internal 
command 2, the input buffer circuit (COMMAND DECODE) 8 stops supply of 
the stop instruction signal (DECODE: the fifth line in Fig. 2) to the ECC 
controller 6. Supply of the internal clock (ICLK: the sixth line in Fig. 2) to the 
ECC controller 6 is also stopped. 

[0035] 

Thus, the semiconductor integrated circuit device exits from the super 
self-refresh mode and returns to a normal operation (in the illustrated example, 
a normal self-refresh operation). The normal self-refresh operation is also 
finished in response to an external self-refresh exit command (SELFX: see 
External Operation at the third line in Fig. 2). 

[0036] 

Thus, the semiconductor integrated circuit device enters into an 
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ENTRY-TIME depicted at the uppermost part in Fig. 2 when the super 
self-refresh entry command (SSELF) is supplied from the outside. In the 
ENTRY-TIME, reading of all bits is executed and parity bits are generated and 
written. Subsequently, the semiconductor integrated circuit device proceeds to 
the super self-refresh (long-cycle self-refresh) depicted at the uppermost part in 
Fig. 2. The refresh is carried out in a long cycle beyond the capacity of the 
normal refresh and generated errors are left. 
[0037] 

When the super self-refresh exit command (SSELFX) is supplied from 
the outside, the semiconductor integrated circuit device enters an exit time 
depicted at the uppermost part in Fig. 2. In the exit time, all bits are read and 
erroneous data generated during the long-cycle refresh are corrected by the 
use of the parity bits and corrected data are rewritten. 

[0038] 

Referring to Fig. 1 , the semiconductor integrated circuit device has a 
structure in which the ECC controller 6 and the ECC-CODEC circuit (comprising 
a coder circuit for generating parity bits from original memory data and a 
decoder circuit for generating error-corrected memory data from the parity bits 
and readout data from the memory) 7 are simply added to the SDRAM 10 in 
order to perform the super self-refresh operation without any substantial change 
in circuit structure of the DRAM 1 0. The ECC controller 6 independently 
produces the internal command 2 and an internal address 3 to be supplied to 
the SDRAM 1 0. The input buffer circuit (COMMAND DECODE) 8 not only 
receives the external command (external instruction) but also the internal 
command (internal instruction). The ECC controller 6 produces the CODEC 
operation mode signal 4 as a control instruction to the ECC-CODEC circuit 7 
and receives error detection (ERROR) and error location detection (LOCATION) 
signals 5 from the ECC-CODEC circuit 7 to efficiently execute parity bit 
generation/writing and error correction. 
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[0039] 

Referring to Fig. 3, the ECC controller 6 comprises a command 
generator 11 , an address generator 12, and a plurality of register circuits 13 
through 17. Each of the command generator 11 and the address generator 12 
is a single-phase synchronization circuit. Supplied with the control signal 
(ENCODE = start instruction signal, DECODE = stop instruction signal, MODE = 
operation mode indication signal) 1 produced by the control logic (CONTROL 
LOGIC) 209 (Fig. 1) in the SDRAM (Fig. 1) and the control signal (ERROR and 
LOCATION = the signals used upon error correction to inform occurrence of an 
error and its location) 5, the ECC controller 6 determines the CODEC operation 
mode signal 4 and generates the internal command 2 and the internal address 
3. Some of the signals are delivered through the register circuits 14 to 17 to 
the outside of the ECC controller 6. Each of the register circuits 13 through 17 
has an input terminal IN, an output terminal OUT, a terminal CLK supplied with 
the internal clock (ICLK), and a terminal CLRB supplied with a reset signal RST. 

[0040] 

Fig. 4(A) shows a FF (flip-flop) circuit used as each of the register 
circuits 13 through 17 and Fig. 4(B) shows an internal structure of the FF circuit. 
[0041] 

Referring to Fig. 4(A), the FF circuit comprises a switch 41 supplied with 
a signal at the input terminal IN and controlled by the clocks CLK and CLKB, a 
switch 42 supplied with an output signal of the switch 41 and controlled by the 
clocks CLK and CLKB, a switch 43 supplied with an output signal of the switch 
42 and controlled by the clocks CLK and CLKB, and a switch 44 supplied with 
an output signal of the switch 43 and controlled by the clocks CLK and CLKB. 
An output signal of the switch 44 is delivered to the output terminal OUT The 
FF circuit further comprises a NAND gate 45 supplied with the output signal of 
the switch 41 and a signal at the terminal CLRB, an inverter 46 for inverting an 
output signal of the NAND gate 45 and delivering an inverted signal to the 
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switch 43 as an input signal, a NAND gate 47 supplied with the output signal of 
the switch 43 and the signal at the terminal CLRB, and an inverter 48 for 
inverting an output signal of the NAND gate 47 and delivering an inverted signal 
to the output terminal OUT. An output signal of the NAND gate 47 is delivered 
to an output terminal OUTB. 
[0042] 

In Figs. 4(A) and (B), the terminal CLKB is supplied with a clock 
obtained by inverting the clock at the terminal CLK, as is obvious from Fig. 5. 
Fig. 5 shows an example of operation of the FF circuit. 

[0043] 

Turning back to Fig. 3, the ECC controller 6 delivers, among the output 
signals, the end signal (READY) to the control logic (CONTROL LOGIC) 209 
(Fig. 1) in the SDRAM 10 (Fig. 1). The end signal (READY) is produced at the 
time of completion of generation and writing of the parity data (Parity 
Generation with Refresh: the last line in Fig. 2) and at the time of completion of 
error correction of the information data with reference to the parity data and 
rewriting of the corrected information data (Correct with Refresh: the last line in 
Fig. 2). 

[0044] 

Each of CODECE (CODEC Enable), SYNDROME, PARITY, CORRECT, 
and INIT is used in the ECC-CODEC circuit 7 as the CODEC operation mode 
signal 4 to determine various operations associated with ECC (for example, 
activation of the CODEC or a memory circuit, generation and writing of the 
parity data, and generation and writing of the error-corrected data). 

[0045] 

IRAS, ICAS, and IWE are control signals for controlling an internal 
memory and correspond to RAS, CAS, and WE in the SDRAM 10, respectively. 
In Fig. 3, IA(0) to IA(12), and IA(13) correspond to internal row/column 
addresses (multiplexed signal) and IBA(0) and IBA(1) correspond to bank 
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addresses. Fig. 3 shows an example applicable to a 256-Mb SDRAM which 
will later be described in conjunction with Figs. 17 and 18 and including more 
parity bits added in a row direction. IA(13) is a row address signal added for 
parity bit selection (not present as an external address signal). 
[0046] 

The ECC controller 6 in Fig. 3 will be described more in detail. 
[0047] 

Referring to Fig. 3, the ECC controller 6 comprises the command 
generator 11, the address generator 12, and the output register circuit (flop-flop 
circuits) 13 to 17 as described above and serves to operate the SDRAM 10 (Fig. 
1) and the ECC-CODEC circuit (coder/decoder circuit) 7 (Fig. 1) from the inside 
so as to carry out parity generation (Parity-Generation) and correcting operation 
(Correct) (see Fig. 2). 

[0048] 

As described in the above-mentioned Patent Document 1 , the super 
self-refresh mode is operable by the external command. In this invention, a 
circuit called the ECC controller 6 is provided and the SDRAM is operated by 
the internal operation in a self-complete fashion. The user is simply required to 
control the entry/exit commands (SSELF and SSELFX in Fig. 2). Thus, the 
load upon the user is lessened. 

[0049] 

Each of the command generator 11 and the address generator 12 is a 
single-phase synchronization sequence circuit comprising a combinational 
circuit of NANDs and NORs and flip-flop circuits and can be designed by a logic 
synthesis tool (existing or simple). 

[0050] 

The output signals of the command generator 11 and the address 
generator 12 are delivered through the output register circuits 14 to 17 to the 
ECC-CODEC circuit 7 and the input buffer circuit (COMMAND DECODE) 8 of 
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the control logic 209 of the SDRAM 10 so as to minimize a delay time from the 
internal synchronization clock signal (ICLK) and to achieve a synchronizing 
operation with a sufficient operation margin reserved. The control signals from 
the command generator 11 to the address generator 12 are also sent through 
the output register circuit 13 to fully reserve an operation margin. Similar data 
exchange through the register circuits is also carried out besides the above. 
[0051] 

The error detection signals (ERROR and LOCATION) 5 returned from 
the ECC-CODEC circuit 7 to the command generator 11 is transmitted through 
an output register circuit (78 in Fig. 22 which will later be described). A MA 
(main amplifier) output signal (output data) is first buffered in an output register 
(Data Output Register: see Fig. 1 and Figs. 17 and 18 which will later be 
described) and then delivered from a data output buffer circuit (DQ) to the 
outside. Likewise, the output data (MA output signal) supplied to the 
ECC-CODEC circuit 7 is first buffered in an output register circuit (depicted by 
"FF" in Fig. 30 which will later be described). On the contrary, input data from 
a data input buffer circuit (DQ) are first buffered in an input register (Data Input 
Register: see Fig. 1 and Figs. 17 and 18 which will later be described) and then 
sent to a WB (write buffer). Likewise, the parity bits produced from the 
ECC-CODEC circuit 7 may be first buffered in the output register circuit and 
then sent to the WB to be written into memory cells (strictly, whether the register 
is required or not depends upon an operation speed of the clock and the 
register is unnecessary in case of a low speed; no register is provided in Figs. 
30 and 31 which will later be described). 
[0052] 

As will be described in the following, the meaning of inclusion of the 
above-mentioned register circuit is somewhat different depending upon the 
circuit. 

[0053] 
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Each of the command generator 11 and the address generator 12 is a 
large-scale sequence circuit. Therefore, a hazard often occurs in output 
signals therefrom to cause malfunction. In addition, an output delay time is 
significantly different depending upon an operation timing. In order to eliminate 
such factors causing reduction in operation margin, the output register circuit is 
inserted. 

[0054] 

The ECC-CODEC circuit 7 is disposed apart from the ECC controller 6 
and a delay time produced in its output, i.e., the error detection signals (ERROR 
and LOCATION) is not negligible. The error detection/correction triggers an 
interrupting operation such as stop of generation of the internal command and 
error correction/writing operations and, therefore, the delay time must be 
minimized (must be within one clock). In case where the output register circuit 
is not inserted, the syndrome calculation time in the ECC-CODEC circuit 7 
seems as the delay time so that the synchronization with the ECC controller 6 is 
difficult. Thus, the output register circuit is inserted in order to minimize the 
delay of the error detection signals by buffering the error detection signals in the 
register circuit. 
[0055] 

The input/output register circuits DQ are provided so as to be adapted 
to CAS latency and a burst operation (this is an existing structure). This also 
applies to the register circuit between the ECC-CODEC circuit 7 and MA/WB. 

[0056] 

Now, input/output signals of the ECC controller in Fig. 3 will be 
described. 

[0057] 

ENCODE ... Parity generation start/stop signal. Input signal ETRIG of 
the command generator. 
[0058] 
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When this signal is turned HIGH as illustrated in Fig. 2, the parity 
generation is started in synchronization with the internal synchronization clock 
(ICLK). When this signal is turned LOW, the ECC controller resets (initializes) 
itself and stops operation. 

[0059] 

DECODE ... correcting operation start/stop signal. Input signal DTRIG 
of the command generator. 
[0060] 

When this signal is turned HIGH as illustrated in Fig. 2, the correcting 
operation is started in synchronization with the internal synchronization clock 
(ICLK). When this signal is turned LOW, the ECC controller resets (initializes) 
itself and stops operation. 

[0061] 

MODE ... Operation mode signal of the ECC controller. For example, 
following signals are used. 
[0062] 

4B, 2B, 1B, HB, QB ... used in a PASR (Partial Array Self-Refresh) 
mode to change a coding region (access region) 
[0063] 

4B: For 4 banks (all bits). Default state. 
2B: For 2 banks including BankO and Bankl . 
1B: For 1 bank of BankO. 

HB: For only a half (lower bits of X address) of BankO. 
QB: For only a quarter (lower bits of X address) of BankO. 
[0064] 

The PASR mode is a mode in which a self-refresh region is restricted 
and a data holding current is reduced. 
[0065] 

SSROP: To change the internal operation between four-bank 
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simultaneous operation and one-by-one operation for one bank at a time. In 
the structure in Fig. 1 (also in the structure of Fig. 17 which will later be 
described), the ECC-CODEC circuit is arranged for each IO line. Therefore, 
no more than the one-by-one operation can be selected. On the other hand, in 
case where the ECC-CODEC circuit is arranged for each MA/WB of each bank 
as in Fig. 18 which will later be described, the four-bank simultaneous operation 
can be selected. The four-bank simultaneous operation requires large current 
consumption but can shorten the coding/decoding time to 1/4. 
[0066] 

CODE1 , CODE2: In case of a product code by two codes, only one of 
the codes is operated. In default, both codes are operated. In a probing test, 
a correcting ability is decreased by operation of either one so that omission of 
correction can efficiently be relieved in a redundant manner. 

[0067] 

ERROR ... Error detection signal. If an error is present and absent 
after syndrome calculation at the ECC-CODEC circuit, the signal is HIGH and 
LOW, respectively. 

[0068] 

In case of ERROR = HIGH (occurrence of error), operation proceeds to 
the error location detection. 
[0069] 

LOCATION ... Error location detection signal. If the error location is 
detected in the error location detection, this signal is turned HIGH and 
correction/writing operations are carried out. 

[0070] 

ICLK ... Internal synchronization clock signal. The parity 
generation/correcting operation is entirely carried out with reference to this 
clock. 

[0071] 
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RST ... Reset signal. When the power supply is turned on or at the 
start-up by input of an <MRS> command, a pulse signal is sent to all chips. 
[0072] 

READY ... A pulse signal is produced upon completion of the parity 
generation/correcting operation, as illustrated in Fig. 2. 
[0073] 

CODECE, SYNDROME, PARITY, CORRECT, INIT ... Operation mode 
signals of the ECC-CODEC circuit (see Fig. 6 in addition). 
[0074] 

In accordance with each operation timing of the parity 
generation/correcting operation, the operation mode is switched. 
[0075] 

CODECE: When this signal is HIGH, CCLK/CCLK2 are produced on 
the basis of ICLK and supplied to the ECC-CODEC circuit. Thus, when this 
signal is HIGH, the ECC-CODEC circuit can perform a cyclic or circular shift 
operation (see Fig. 25 which will later be described). 

[0076] 

SYNDROME: When this signal is HIGH, it is possible to fetch output 
bits from the MA one by one and to carry out syndrome calculation and parity-bit 
calculation (the shift register carries out forward cyclic shift). 

[0077] 

PARITY: When this signal is HIGH, calculated parity bits (bits of the 
respective shift registers) can successively or sequentially be delivered to the 
WB one by one. At this time, the shift registers are successively reset (the 
shift register carries out forward cyclic shift). 

[0078] 

CORRECT: When this signal is HIGH, backward cyclic shift (error 
location detection) can be carried out only by the shift registers without carrying 
out data input/output from/to the outside at all. 
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[0079] 

INIT: When this signal is HIGH, the shift registers are cyclically shifted 
and reset. 

[0080] 

IRAS, ICAS, IWE ... Internal command signals. Similar in specification 
to the external command. In the internal operation, CS is unnecessary. 
[0081] 

A command corresponding to the timing of the parity 
generation/correcting operation is produced. 
[0082] 

IA(0)-IA(12), IA(13), BA(0), BA(1) ... Internal addresses and internal 
bank addresses. 
[0083] 

An address corresponding to the timing of the parity 
generation/correcting operation is produced. 
[0084] 

Fig. 6 shows the ECC-CODEC circuit 7 used in the semiconductor 
integrated circuit device in Fig. 1 . The ECC-CODEC circuit 7 comprises a 
combination of a coder circuit and a decoder circuit. 

[0085] 

In case where the ECC-CODEC circuit 7 is operated as the coder circuit, 
readout data (i.e., original memory data) are sent from the main amplifier MA (or 
the data output register storing the readout data from the memory) through an 
AND gate 71 controlled by the SYNDROME signal and an EX-OR (Exclusive 
OR) circuit 72 to be supplied to a circulating circuit 73 comprising feedback shift 
registers (FSR) SO to S1 5 of a left/right shift type and EX-OR circuits. After 
subjected to logical operation, the readout data are sent through a switch 74 
controlled by a parity signal to be delivered as the parity data to the write buffer 
WB (or the data input register) and written into the memory or a parity data 
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accumulating section as write data. 
[0086] 

Figs. 7 and 8 shows an example 1 of the super self-refresh internal 
operation carried out by the ECC-CODEC circuit 7 in Fig. 6. Fig. 7 shows the 
parity generation (1) (parity bit calculation) in the example 1 of the super 
self-refresh internal operation while Fig. 8 shows the parity generation (2) (parity 
bit writing) in the example 1 of the super self-refresh internal operation. In 
synchronization with the internal clock (Internal CLK) within the device, 
commands of memory activation (ACTV) and reading operation (READ) are 
executed. Simultaneously, a row address (XA) and a column address (YA) are 
acquired. With reference to the addresses, Column is incremented and 
memory data of 1024 bits are read and taken into the main amplifier MA as read 
data. In addition, the read data are taken into the shift registers (S0-S15) of 
the circulating circuit 73 in Fig. 6 and subjected to calculation to produce the 
parity data based on the original memory data. In a following cycle, the parity 
data are delivered to the write buffer WB bit by bit. At this time, in 
synchronization with the internal clock (Internal CLK) within the device, 
commands of memory activation (ACTV) and writing operation (WRIT) are 
executed. Simultaneously, the row address (XA) and the column address (YA) 
corresponding to the parity bit region are acquired. Based on these addresses, 
Column is incremented and 16 parity bits are written into the memory cells 
(corresponding to Hamming codes [1040, 1024] although not described in 
detail). 

[0087] 

In Fig. 6, the readout data are taken into the shift registers (S0-S15) of 
the circulating circuit 73. After subjected to calculation, the parity data based 
on the original memory data are produced and delivered to the write buffer WB. 

[0088] 

In case where the ECC-CODEC circuit 7 is operated as the decoder 



28 



circuit, the parity data are similarly sent from the main amplifier MA through the 
AND gate 71 controlled by the SYNDROME signal and the EX-OR circuit 72 
arranged next to be supplied to the circulating circuit 73 comprising the shift 
registers (SO to S15) and the EX-OR circuits. In addition, the parity data are 
shifted in a backward direction and subjected to logical operation. From an 
output of an OR circuit 75 for calculating an OR logic of outputs of the shift 
registers (S0-S14) and an output of the final-stage shift register (S15), 
information of a location (LOCATION) where a defect of the memory data 
occurs is produced. An EX-OR circuit 76 calculates an EX-OR logic of the 
location (LOCATION) information and the readout memory data on the main 
amplifier MA to produce defect-corrected data. The defect-corrected data are 
sent through a switch 77 controlled by a CORRECT signal to be delivered to the 
write buffer WB as error-corrected data. 
[0089] 

Figs. 9 and 10 show an example 2 of the super self-refresh internal 
operation carried out by the ECC-CODEC circuit 7 in Fig. 6. Fig. 9 shows the 
correcting operation (Correct) (1) (syndrome calculation) in the example 2 of the 
super self-refresh internal operation while Fig. 10 shows the correcting 
operation (Correct) (2) (error location detection and correction/writing) in the 
example 2 of the super self-refresh internal operation. In synchronization with 
the internal clock (Internal CLK) within the device, the original memory data and 
the parity data are read in the manner described in conjunction with Figs. 7 and 
8. The circulating circuit 73 in Fig. 6 carries out backward shift and logical 
operation to detect a defective address. With reference to the defective 
address, commands of memory activation (ACT) and reading operation (READ) 
are executed in synchronization with the internal clock (Internal CLK) within the 
device. The readout data appearing on the main amplifier MA are erroneous 
information. Therefore, the readout data are inverted and delivered to the write 
buffer WB, Simultaneously, a write command (WRIT) is produced and 
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corrected data are written into a corresponding address of the memory. 
Subsequently, the similar operation is repeated and correction of the error data 
is carried out for all bits. 
[0090] 

Herein, referring to Figs. 2, 7 and 8, the super self-refresh mode/parity 
generation will be described more in detail. 
[0091] 

(1) After entry into the super self-refresh mode, the input buffer circuit 
(COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 sets the 
ENCODE signal at HIGH. Simultaneously, an oscillating operation of the 
internal synchronization clock signal ICLK is started (at a stage of start-up of the 
SDRAM 10, the flip-flop circuit in the ECC controller 6 is initialized). 

[0092] 

(2) The ECC controller 6 is supplied with the ENCODE signal and starts 
the internal operation of the parity generation (encoding). Hereinafter, a (1040, 
1024) code (1024 information bits and 16 parity bits) will be described by way of 
example. 

[0093] 

(3) After the INIT signal is turned HIGH (CODEC initialization mode), the 
CODECE (CODEC enable) signal is turned HIGH for 16 cycles and the shift 
registers (S0-S15) in the ECC-CODEC circuit 7 are initialized (see Fig. 6). 
After completion, the CODEC mode signal is returned LOW. 

[0094] 

(4) After the SYNDROME signal is turned HIGH (CODEC syndrome 
mode), issuance of the internal operation commands <ACTIVE> <READ> ... 
<PRE> is repeated as shown in Figs. 7 and 8. While X scanning is performed 
with the burst length of 16 or 32, READ operation of 1024 bits is carried out. 
At this time, the CODECE signal is turned HIGH in synchronization with the 
output timing of the readout data. The shift registers are circularly shifted and 
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the data of 1024 bits are successively taken into the CODEC bit by bit. Thus, 
the parity bits are calculated for the 1024 information bits and the result of 
calculation is retained in the shift registers of 16 bits as the parity bits of 16 bits. 
After completion, the CODEC mode signal is returned LOW. 
[0095] 

(5) After the PARITY signal is turned HIGH (CODEC parity mode), 
issuance of the internal operation commands <ACTV> <WRIT> ... <PRE> is 
carried out and writing into the memory cells is carried out with the burst length 
of 16. At this time, the CODECE signal is turned HIGH in synchronization with 
the output timing of the write data. While the shift registers are circularly 
shifted, the data of 16 bits are successively produced from the CODEC bit by bit. 
Simultaneously, the shift registers are successively reset (the circuit structure 
without requiring initialization). 

[0096] 

(6) The syndrome mode (4) and the parity mode (5) are repeated until 
the parity bits are produced for all bits. 

[0097] 

(7) After completion of parity bit generation for all bits, the READY 
signal (1 clock pulse) is produced and the operation of the ECC controller 7 is 
completed. Supplied with the READY signal, the input buffer circuit 
(COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 turns the 
ENCODE signal LOW to start long-cycle self-refresh control. 

[0098] 

Herein, referring to Figs. 2, 9, and 10, the super self-refresh 
mode/correcting operation will be described more in detail. 
[0099] 

(1) Supplied with the super self-refresh exit command (SSELFX), the 
input buffer circuit (COMMAND DECODE) 8 of the control logic 209 of the 
SDRAM 10 sets the DECODE signal at HIGH. Simultaneously, the oscillating 
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operation of the internal synchronization clock signal ICLK is started. 
[0100] 

(2) Supplied with the DECODE signal, the ECC controller 6 starts the 
internal operation of correcting (decoding). Hereinafter, a (1040, 1024) code 
(1024 information bits and 16 parity bits) will be described by way of example. 

[0101] 

(3) After the INIT signal is turned HIGH (CODEC initialization mode), the 
CODECE (CODEC enable) signal is turned HIGH for 16 cycles and the shift 
registers (S0-S15) in the ECC-CODEC circuit 7 are initialized (see Fig. 6). 
After completion, the CODEC mode signal is returned LOW. 

[0102] 

(4) After the SYNDROME signal is turned HIGH (CODEC syndrome 
mode), issuance of the internal operation commands <ACTIVE> <READ> ... 
<PRE> is repeated as shown in Figs. 7 and 8. While X scanning is performed 
with the burst length of 16 or 32, READ operation of 1024 information bits and 
then 16 parity bits is carried out (READ operation of a code word of 1040 bits is 
carried out). At this time, the CODECE signal is turned HIGH in 
synchronization with the output timing of the readout data. The shift registers 
are circularly shifted and the data of 1040 bits are successively taken into the 
CODEC bit by bit. Thus, the syndrome pattern for the code word is calculated 
and the result of calculation is retained in the shift registers of 16 bits. After 
completion, the CODEC mode signal is returned to LOW. 

[0103] 

(5) If the syndrome pattern is all zero, it is judged that the code word 
has no error. In order to perform the syndrome calculation for a next code 
word, operation proceeds to the above-mentioned operations (3) and (4). If 
the syndrome pattern is not all zero, it is judged that the code word is erroneous. 
Then, operation proceeds to the error location detection. As illustrated in Fig. 

6, the error detection signal ERROR is turned LOW if the syndrome pattern is 
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all zero and is otherwise HIGH. Presence or absence of error is transmitted to 
the ECC controller?. 
[0104] 

(6) After the CORRECT signal is turned HIGH (CODEC correction 
mode), the CODECE signal is turned HIGH without issuing the internal 
operation commands and (backward) cyclic shift of the shift registers alone is 
repeatedly carried out, as shown in Figs. 9 and 10. It is noted here that 
generation of the internal addresses is executed in the manner reverse to that 
during the syndrome calculation in correspondence to the (backward) cyclic 
shift of the shift registers. At this time, the first (backward) cyclic shift 
corresponds to the syndrome pattern of the first bit (the last-acquired bit). In 
case where "the uppermost or most significant bit (S15) alone is 1 while the 
remaining bits are all zero", the bit is judged to be erroneous. Except the case 
where "the uppermost or most significant bit (S 15 ) alone is 1 while the remaining 
bits are all zero", the (backward) cyclic shift is repeated. If an erroneous bit is 
detected, the CODECE signal is turned LOW and the (backward) cyclic shift is 
stopped. The internal commands <ACTV> <READ> <WRIT> <PRE> are 
issued as illustrated in Figs. 9 and 10 and inversion (correction)/writing is 
executed. 

[0105] 

As illustrated in Fig. 6, in case where "the uppermost or most significant 
bit (S 15 ) alone is 1 while the remaining bits are all zero", the error location 
detection signal LOCATION is turned HIGH and is otherwise LOW. If 
LOCATION is HIGH in the correction mode, inverted data obtained by inverting 
the readout data are sent to the WB. 

[0106] 

After completion of the interrupting operation, the (backward) cyclic shift 
is again carried out until the last of the code word. When the above-mentioned 
process is completed for one code word (1040 bits), the CODEC mode signal is 
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returned to LOW and operation proceeds to the above-mentioned operation (3) 
in order to process a next code word. 
[0107] 

(7) The above-mentioned operations (3), (4), (5), and (6) are repeated 
to execute error correction for all bits. After completion, the READY signal (1 
clock pulse) is produced and the operation of the ECC controller 7 is finished. 
Supplied with the READY signal, the input buffer circuit (COMMAND DECODE) 
8 of the control logic 209 of the SDRAM 10 turns the DECODE signal LOW and 
operation proceeds to normal self-refresh control. 

[0108] 

Next, referring to Figs. 2, 7, 8, 9, and 10, the operation of the ECC 
controller 6 will be described. 
[0109] 

During the super self-refresh mode, the ECC controller 6 produces the 
internal commands/addresses to the SDRAM 10 and the control signal to the 
ECC-CODEC circuit 7 in a single-phase synchronization in order to achieve the 
parity bit generation and the error correction. The ECC controller 6 
independently operates the SDRAM 10. 

[0110] 

The operation in Fig. 2 has already been described but supplemental 
description will herein be made. When the normal operation proceeds to the 
super self-refresh mode in response to the super self-refresh entry command 
(SSELF), the ENCODE signal is produced and the parity data generation (the 
process associated with writing of new data into the memory circuit) and writing 
of the data into the parity data region of the memory (Parity Generation with 
Refresh) are carried out (these operations are carried out during the 
ENTRY-TIME). Thereafter, the power supply is turned off and the super 
self-refresh is carried out. In response to an internal signal GENOFF, most 
part of the internal power supply (internal power supply generating circuits for a 
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cell array section or a peripheral circuit section) is turned OFF (= 0 V) and a 
long-time PAUSE (waiting with the internal power supply interrupted and set at 
0 V) state is started. An internal signal GSTATE is produced to indicate that 
the internal power supply is completely started up or turned on. 
[0111] 

When the above-mentioned signal rises, i.e., when the power supply is 
started up again during the super self-refresh period, burst-refresh operation is 
carried out in which refresh of all cells is continuously carried out. In this 
refresh operation, error correction of the memory cells is not carried out. 

[0112] 

The internal power supply OFF, the long-time PAUSE, the internal 
power supply ON, and the burst-refresh operation are repeated a desired 
number of times (the operations in the super self-refresh). Thereafter, the 
super self-refresh exit command (SSELFX) is produced and the super 
self-refresh comes to an end. Then, errors in the memory cell data caused 
under the influence of long-time suspension of refresh are corrected and the 
corrected data are rewritten (Correct with Refresh) (the operations in the exit 
time). 

[0113] 

Finally, the refresh mode is exited (Exit2) and the normal operation is 

started. 

[0114] 

The effects of the above-mentioned embodiment will be described. 
[0115] 

(1) With the above-mentioned structure, a complicated circuit design 
can be avoided with an optimum circuit scale. 

[0116] 

(2) By the output register circuit, an output delay of each block is 
unseen and a hazard is cleared. 
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[0117] 

(3) By adopting the single-phase synchronization circuit and by output 
shaping in (2), a logical synthesis tool can be applied to the command/address 
generators. 

[0118] 

Thus, the semiconductor integrated circuit device according to the 
embodiment of this invention comprises the ECC controller 6. The ECC 
controller 6 is at least connected to the ECC-CODEC circuit 7 and the control 
logic 209 of the SDRAM 10. 

[0119] 

The control circuit produces the command signals (IRAS-IWE in Fig. 3) 
and the command address signals (IA(0)-IBA(1) in Fig. 3) of internal origin in 
the manner similar to deciding the operation mode within the device in 
accordance with external specification (i.e., logical levels of the command 
signals RAS, CAS, and WE and the command address signals (address signals 
not serving as conventional addresses indicating access addresses but serving 
as command signals for determining the operation modes in time division) 
supplied from the outside). These signals are latched in single-phase 
synchronization (synchronization with either one of rise and fall of the clock) 
with an external clock (or an internal clock derived therefrom) and serve to 
produce the operation mode related to the super self-refresh. Preferably, the 
input buffer of the SDRAM selectively acquires the command/address signals 
supplied from the outside or the command/address signals of internal origin and 
the operation in the device is determined as described above. The ECC 
controller 6 has a circuit structure at least including the command generator 11, 
the address generator (for generating the conventional address and the 
command address in time division) 12, and the output register circuits (latch or 
FF) 14 through 17. 

[0120] 
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The ECC controller 6 having the above-mentioned structure is 
connected to the ECC-CODEC circuit 7 and the SDRAM (the control logic 
thereof) to perform control related to the super self-refresh. As shown in (1), 
the circuit for "selectively acquiring the command/address signals and 
determining the operation within the device", which is a component of the 
conventional SDRAM, is used in a portion for latching the external command 
signal and the address signal (command address) to determine the operation 
mode. Thus, an optimum circuit scale is achieved and a complicated circuit 
design can be avoided. 

[0121] 

As shown in Fig. 3 and (2), the register circuits 13 to 17 are provided so 
that the output data are generated in synchronization with the internal clock. In 
this manner, the output delay of each block is unseen and the hazard resulting 
from the delay of the internal signal can be cleared. 

[0122] 

By processing in the single-phase synchronization, the control system is 
simplified. Therefore, the circuit structure of the command signal generator 
and the address signal generator in the ECC controller 6 can be designed by 
the use of a logical synthesis tool. 

[0123] 

Referring to Fig. 11, an ECC controller 6' used in the semiconductor 
integrated circuit device in Fig. 1 instead of the ECC controller 6 is shown. The 
ECC controller 6' does not have the register circuit 16 in the ECC controller 6 in 
Fig. 3. Therefore, the IRAS, ICAS, and IWE signals are produced one cycle 
earlier as compared with the ECC controller in Fig. 3. Except the above, the 
ECC controller 6' is similar to the ECC controller 6 in Fig. 3. 

[0124] 

Fig. 12 shows a BIST (BUILT-IN SELF-TEST: a self-diagnosis test 
contained in the device) controller 6" used in the semiconductor integrated 
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circuit device in Fig. 1 instead of the ECC controller 6. In this case, the 
ECC-CODEC circuit 7 is replaced by an error detection circuit (which will later 
be illustrated) in the semiconductor integrated circuit device in Fig. 1 . Now, 
description will be made assuming that the ECC-CODEC circuit 7 in Fig. 1 is 
replaced by the error detection circuit. 
[0125] 

The BIST controller 6" comprises the command generator 11, the 
address generator 12, and the register circuits 13, 14, 15, and 17 like the ECC 
controller 6' in Fig. 11 but is different from the ECC controller 6' in Fig. 11 in the 
following respects. 

[0126] 

The BIST controller 6" is supplied with the control signal (CHECK = start 
instruction signal, MODE = operation mode indication signal) 1 produced by the 
control logic 209 (Fig. 1) in the SDRAM 10 (Fig. 1) and delivers a BIST 
(BUILT-IN SELF-TEST: self-diagnosis test contained in the device) related 
signal (BISTR, BISTW, TPH, DCKE, ECKE) to the error detection circuit 
(instead of the ECC-CODEC circuit 7 in Fig. 1) as the operation mode signal 4. 
In addition, the BIST controller produces internal addresses IXA(0)-IXA(12) and 
IYA(0)-IYA(8) and internal bank addresses IBA(O) and IBA(1) as the internal 
address 3. 

[0127] 

Fig. 13 shows an operation sequence related to the BIST function of the 
BIST controller 6" in Fig. 12. 
[0128] 

Referring to Fig. 13, description will briefly be made of the self-test 
operation in case where the semiconductor integrated circuit device in Fig. 1 is 
provided with the BIST controller 6" in Fig. 12. 

[0129] 

In the semiconductor integrated circuit device, the input buffer circuit 
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(COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 decodes 
the external command as a combination of the CS, WE, CAS, and RAS signals 
and, if a BIST entry command (BIST: see External Operation at a second line in 
Fig. 13) is obtained as a result of decoding, delivers a start (START) instruction 
signal (CHECK) to the BIST controller 6" as the control signal 1 . The start 
instruction signal (CHECK) is shown in a fourth line in Fig. 13 as a high-level 
part. At the time when the input buffer circuit (COMMAND BUFFER) 8 obtains 
the BIST entry command (BIST), supply of the external clock (CLK: see a first 
line in Fig. 13) to the SDRAM 10 is stopped. Supplied with the start instruction 
signal (CHECK), the BIST controller 6" is supplied with the internal clock (ICLK: 
see a fifth line in Fig. 13). Supplied with the internal clock, the BIST controller 
6" delivers an operation mode signal 4 representative of checking to the error 
detection circuit (instead of the ECC-CODEC circuit 7 in Fig. 1). 
[0130] 

Supplied with the operation mode signal 4 representative of the 
checking, the error detection circuit (instead of the ECC-CODEC circuit 7 in Fig. 
1) starts a checking operation. Specifically, the error detection circuit 
generates the parity data (check bits for error detection and correction) with 
reference to the information data stored in each bank of the memory and writes 
the generated data into the parity memory region of each bank of the memory 
(SELF-TEST: see Internal Operation at an eleventh line (last line) in Fig. 13). 
Thereafter, some test disturbance may be performed. 

[0131] 

Subsequently, the error detection circuit reads the parity data and, with 
reference to the data and the information data stored in the memory, detects an 
error in the information data (SELF-TEST: see Internal Operation at the last line 
in Fig. 13). The error detection is executed for all cells in the memory region. 

[0132] 

When the BIST command is executed as described above, the 
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operation of detecting an error in the memory data is carried out. Upon 
detection of the error, an error signal (ERROR: see a sixth line in Fig. 13) is 
produced. In addition, error location detection and correction are carried out 
although not shown in the figure. 
[0133] 

After completion of the above-mentioned self-test (SELF-TEST) in the 
error detection circuit, the BIST controller 6" delivers an end signal (READY: 
see a tenth line in Fig. 13) to the input buffer circuit (COMMAND DECODE) 8 as 
the internal command 2. 

[0134] 

The input buffer circuit (COMMAND DECODE) 8 receives and decodes 
the end signal (READY) as the internal command 2 and then stops supply of 
the start instruction signal (CHECK: the fourth line in Fig. 13) to the BIST 
controller 6". The supply of the internal clock (ICLK: the fifth line in Fig. 13) to 
the BIST controller 6" is also stopped. 

[0135] 

Then, SELF-TEST TIME is exited and the operation comes to an end in 
response to a BIST exit command (BISTX: see External Operation in the 
second line in Fig. 13) from the outside. 

[0136] 

Now, input/output signals of the BIST controller 6" in Fig. 12 will be 
described. 

[0137] 

BISTR, BISTW, TPH, DCKE, ECKE ... Operation mode signals of the 
error detection circuit (an example being illustrated in Fig. 14). 
[0138] 

BISTR: READ mode. When this signal is HIGH, it is possible to 
acquire MA output data and to carry out comparison with the expectation data 
(error judgment) corresponding to the operation timing (internal address). 
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[0139] 

BISTW: WRITE mode. When this signal is HIGH, input data 
(expectation data) corresponding to the operation timing (internal address) are 
delivered to the WB and written into the memory cells. 

[0140] 

TPH: Switching between 0 and 1 of the expectation data (write data, 
read data). For example, when this signal is LOW, 0 data are indicated. 
[0141] 

DCKE: When this signal is HIGH, DCLK is generated from ICLK and 
the expectation data are sent to an error judging circuit. 
[0142] 

ECKE: When this signal is HIGH, ECLK is generated from ICLK and 
the result of judgment is recorded in an error recording circuit (in case where 
ECLK is always operated, an erroneous judging result will be acquired). 

[0143] 

IXA(0)-IXA(12), IYA(0)-IYA(8), IBA(0), IBA(1) ... Internal addresses (X 
and Y are respectively produced), internal bank addresses. 
[0144] 

The address corresponding to the timing of the expectation data 
write/read operations is produced. 
[0145] 

Referring to Fig. 14, an error detection circuit T used in the 
semiconductor integrated circuit device in Fig. 1 instead of the ECC-CODEC 
circuit 7 is shown. 

[0146] 

The error detection circuit T comprises a data scrambler 21 having an 
EX-OR circuit, clock (CL) adjusting flip-flop circuits 23 arranged in two stages 
and connected to an output of the data scrambler 21, an error judging circuit 22 
having an EX-OR circuit, and an error recording circuit 24 having flip-flop 
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circuits arranged in two stages. 
[0147] 

The error judging circuit 22 compares readout data (DOUT(1)) from the 
memory and no-error data produced through the flip-flop circuits 23 in two 
stages to produce an ERROR signal which has a H level if an error is detected. 
The error signal is sent through the flip-flop circuits 24 in two stages in the error 
recording circuit 24 to be kept at a H level in DC and delivered through a switch 
as an error state signal ESTATE (see a ninth line in Fig. 13). 

[0148] 

Referring to Fig. 15, the above-mentioned error recording circuit 24 is 
added to the ECC-CODEC circuit 7 in the semiconductor integrated circuit 
device in Fig. 1 so as to hold the H level output of the ERROR signal in DC. 
The ECC-CODEC circuit carries out error detection in the correcting operation. 
This is applied to the BIST operation in the illustrated circuit. In an error 
judging cycle (a cycle in which result of judgment of presence/absence of error 
is produced after completion of syndrome calculation of one code word), ECLK 
carries out clocking operation of one clock and the error recording circuit holds 
the ERROR signal as an ETRIG signal. When the ETRIG signal is changed 
from LOW to HIGH, the error record signal ESTATE is turned HIGH. This state 
is held unless a RESET signal is supplied. Thus, if the data read in the 
correcting operation has an error even in one bit, the error record signal 
ESTATE is turned HIGH and held. Upon completion of the BIST operation, the 
result ESTATE (see the ninth line in Fig. 13) is read from the error recording 
circuit 24 in response to the BIST exit command (BISTX: see the second line in 
Fig. 13) from the outside. 

[0149] 

Fig. 16 shows a circuit in which the error detection circuit is added to 
the ECC controller 6 (Fig. 3) or the ECC controller 6' (Fig. 11) and is applied to 
the BIST operation. Upon detection of an error, the ECC controller 6 or 6' in 
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Fig. 16 proceeds to the error location detection. The CORRECT signal 
delivered to the ECC-CODEC circuit 7 is turned into a H level. In order to hold 
the above-mentioned state (H level) in DC, a D flip-flop circuit 25 is added. 
The D flip-flop circuit 25 holds the H level in DC so as to improve matching 
between the ECC-CODEC circuit 7 and the ECC controller 6' following the BIST 
operation. 

[0150] 

Specifically, the CORRECT signal of the ECC controller 6' is turned 
HIGH only if an error is detected as a result of syndrome calculation. 
Thereafter, operation proceeds to error location detection and error correction. 
Utilizing such characteristic of being turned HIGH only if an error is detected, 
detection is made about whether or not the CORRECT signal is turned HIGH at 
least once. In this case, modification of the ECC-CODEC circuit 7 is 
unnecessary. 

[0151] 

With the above-mentioned structure, the error detection and correction 
functions for the memory data in the super self-refresh function are used and 
applied to the BIST circuit. When the BIST exit command (BISTX: see the 
second line in Fig. 13) is executed, the operation of detecting an error in the 
memory data is carried out by the above-mentioned self-test (SELF-TEST: see 
the last line in Fig. 13). Upon detection of the error, the ERROR signal is 
produced. In addition, although not shown in the figure, error location 
detection and correction can be carried out and the self-test can be carried out. 

[0152] 

Herein, supplemental description will be made in conjunction with Fig. 1. 
The SDRAM 10 in the embodiment is a 64-Mb SDRAM of x 8 (word structure). 
The X address (including the bank address) is 14 bits in total. The Y address 
is 9 bits in total. The parity bit storage region is expanded in the Y direction of 
each bank. In order to access to the parity bit storage region, 9 bits are 
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insufficient for the Y address and 10 bits (=9+1) are used. Correspondingly, 

Y address registers, Y address lines, Y (column) decoders, sense amplifiers, 
and the like are increased in number. 

[0153] 

In the ECC-CODEC circuit 7, ECC-CODEC is disposed for each IO line. 
In this example, an internal I/O is 8 bits and 8 CODECs are disposed in the 
ECC-CODEC circuit 7. If solid defect is present in the parity bits, redundant 
relief is executed like in normal bits. 

[0154] 

The ECC-CODEC circuit 7 may be arranged in any location on an 
internal IO bus. The degree of freedom in layout is assured and chip-size 
overhead can be suppressed. 

[0155] 

Referring to Fig. 17, a semiconductor integrated circuit device according 
to another embodiment of this invention is shown. In the semiconductor 
integrated circuit device, the SDRAM 10 is a 256-Mb SDRAM of x 16 (word 
structure). The X address (including the bank address) is 15 bits in total. The 

Y address is 9 bits in total. The parity bit storage region is expanded in the X 
direction of each bank. In order to access to the parity bit storage region, 15 
bits are insufficient for the X address and 16 bits (=15 + 1) are used. 
Correspondingly, X address registers, X address lines, X (row) decoders, word 
drivers, and the like are increased in number. 

[0156] 

Refresh cycles are generally 8192 cycles but are (8192 + P) cycles 
herein. For example, if the (1040, 1024) code is used, the parity bits are 4M 
bits (8192 x 128 x 4 banks) and the refresh cycles are 8320 (8192 + 128) 
cycles. 

[0157] 

In the ECC-CODEC circuit 7, ECC-CODEC is disposed for each IO line. 
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In this example, an internal I/O is 16 bits. Therefore, in the ECC-CODEC 
circuit 7, 16 CODECs are disposed. The ECC-CODEC circuit 7 may be 
arranged in any location on the internal IO bus. The degree of freedom in 
layout is assured and chip-size overhead can be suppressed. 
[0158] 

Referring to Fig. 18, a semiconductor integrated circuit device according 
to still another embodiment of this invention is shown. In the semiconductor 
integrated circuit device, the SDRAM 10 is a 256-Mb SDRAM of x 16 (word 
structure) like in Fig. 17. However, the ECC-CODEC circuit 7 is arranged for 
each I/O of each memory bank. In this case, 16 ECC-CODECs are arranged 
in each ECC-CODEC circuit 7. Thus, the ECC-CODECs, 16 per bank and 64 
in total, are arranged. This results in a disadvantage in view of chip-size 
overhead. The degree of freedom in layout is not achieved and the 
ECC-CODEC must be disposed near each MA (main amplifier) and each WB 
(write buffer). 

[0159] 

However, by simultaneous memory access to four banks, it is possible 
to carry out coding (Parity-Generation) and decoding (Correct) operations in a 
short time period corresponding to 1/4 of that required in Fig. 17. As a demerit, 
the current consumption in the coding (Parity-Generation) and the decoding 
(Correct) operations is as large as twice or more in the simultaneous memory 
access to four banks. Which is to be selected depends upon trade-off between 
the current consumption and the processing time. The rate of the internal 
clock may be adjusted. The processing time of the coding (Parity-Generation) 
is the entry time into the super self-refresh mode but is not recognized by a user. 
Even if the exit instruction is given during the processing, the normal state can 
be directly started without taking any action because the data are not collapsed. 
Thus, since the processing time of the coding need not be shortened, the 
memory access may be carried out bank by bank. 



45 



[0160] 

On the contrary, the processing time of the decoding (Correct) is the 
exit time of the super self-refresh mode and is recognized by the user. As a 
matter of fact, the normal state can not be started unless correction of collapsed 
data is finished. Therefore, the user must wait completion of processing. 
Thus, the decoding time is preferably as short as possible. Therefore, it is 
worthwhile to carry out the simultaneous memory access to four banks. 

[0161] 

The above-mentioned structure is disadvantageous with respect to the 
chip size but has flexibility in selecting the exit time or the current consumption 
(in actual use, the waiting time in the data holding state is overwhelmingly long, 
so the current consumption of ENTRY/EXIT does not affect the battery life). 

[0162] 

Fig. 19 shows an example 1 (burst length 1, no error) of the self-test 
operation of the BIST controller 6" in Fig. 12. Fig. 20 shows an example 2 
(burst operation, occurrence of error, reading of result) of the self-test operation 
of the BIST controller 6" in Fig. 12. Referring to Figs. 19 and 20, supplemental 
description will be made about the operation of the BIST controller 6" in Fig. 12. 

[0163] 

Supplied with the self-test entry command (BIST), the input buffer circuit 
(COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 in Fig. 1 
turns the start signal CHECK HIGH. In response to the start signal CHECK of 
HIGH, the BIST controller 6" in Fig. 12 produces the internal operation 
command, the address, and the expectation data and accesses to all bits, as 
shown in Figs. 19 and 20. By the mode signal supplied to the BIST controller 
6", a test content is selected and an address pattern and a data pattern, such as 
X-MARCHING (10N), are determined. Referring to Fig. 14, 0/1 (LOW/HIGH) 
is selected by the data scrambler 21 and TPH for the expectation data. By 
DCLK, the expectation data are synchronized with the timing of the readout data 
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(adaptable to the CAS latency). 
[0164] 

In Fig. 14, the readout data are compared with the expectation data 
(Expectation-Data — > Comparison-Data). By ECLK, the comparison result 
ERROR is recorded in the error recording circuit 24 comprising the flip-flop 
circuits. The error detection record is maintained unless it is erased by the 
RESET signal. 

[0165] 

After completion of a series of self-test operations, the input buffer 
circuit (COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 in Fig. 
1 produces the RESET signal as pulse output and turns the start signal CHECK 
LOW. Then, an external command can be accepted. 

[0166] 

When the input buffer circuit (COMMAND DECODE) 8 of the control 
logic 209 of the SDRAM 10 in Fig. 1 is supplied with the self-test exit command 
(BISTX in Fig. 13), a COMPARE signal is turned HIGH. In Fig. 14, the error 
record signal ESTATE is produced from the output buffer to the outside. In this 
example, presence of error is HIGH while absence of error is LOW. 

[0167] 

As the effect of the BIST mentioned above, the selection test is possible 
by an inexpensive device and the test cost is significantly saved, as will readily 
be understood. 

[0168] 

Supplemental description will be made in conjunction with Fig. 19. 
Upon carrying out the writing operation, BISTW is turned HIGH and the 
expectation data (Expectation-Data) calculated are delivered to the WB (write 
buffer). Upon carrying out the reading operation, BISTR is turned HIGH. The 
readout data are taken into the error detection circuit and compared with the 
expectation data. However, no trouble is caused in operation if BISTW and 
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BISTR are the same signal and always kept HIGH during the self-test. 
[0169] 

Comparing the readout data with the expectation data, the readout data 
are coincident with the expectation data and no error is recorded. 
[0170] 

Supplemental description will be made in conjunction with Fig. 20. The 
expectation data are issued in synchronization with the <READ> command and 
adjusted in timing with the readout data by the use of DCLK. The result 
ERROR of comparison with the readout data is acquired by ECLK to become 
the ETRIG signal. If the ETRIG signal is turned HIGH at least once, the error 
detection record ESTATE is turned HIGH and is not erased unless it is reset. 
In this example, the fourth bit of the readout data is different from the 
expectation data and ESTATE of HIGH (occurrence of error) is recorded. 
Finally, the COMPARE signal is turned HIGH and ESTATE is read to the 
outside. 

[0171] 

Referring to Figs. 21 and 22, a specific example of the ECC-CODEC 
circuit 7 in Fig. 6 is shown. The ECC-CODEC circuit 7 illustrated in Figs. 21 
and 22 comprises the circulating circuit 73 and the EX-OR circuit 76 described 
in connection with the ECC-CODEC circuit 7 in Fig. 6. In the ECC-CODEC 
circuit 7 illustrated in Figs. 21 and 22, register circuits 78 in three stages are 
inserted to an output bus of the error location detection signal (LOCATION). 

[0172] 

Figs. 23 (A), (B), and (C) show in detail shift registers 731, 732, and 733 
of a left/right shift type in the circulating circuit 73 of the ECC-CODEC circuit 7 
illustrated in Fig. 22, respectively. 

[0173] 

Fig. 24 shows in detail an EX-OR circuit 734 in the circulating circuit 73 
of the ECC-CODEC circuit 7 illustrated in Fig. 22. 
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[0174] 

In the ECC-CODEC circuit 7 illustrated in Figs. 21 and 22, the ECC 
controller 6 (Fig. 3) is a single-phase synchronization circuit using the internal 
clock ICLK. The register circuits are inserted to the output bus. The register 
circuit 78 of a single stage is inserted to the output bus of the error location 
detection signal (LOCATION). With this structure, a response to the error 
location detection signal (L0 in Fig. 22) in real-time is delayed by three clocks. 
Therefore, it is necessary to make the register circuits 78 in three stages store 
the detection result before three clocks and to carry out error correction. 

[0175] 

Referring to Fig. 25, a circuit (CODEC-CLK generator circuit) for 
supplying clocks (CCLK, CCLKB, CCLK2, CCLK2B) to the ECC-CODEC circuit 
7 in Figs. 21 and 22 is shown. The circuit illustrated in Fig. 25 comprises a 
delay circuit DL1 including inverters in two stages and a delay circuit DL2 
including inverters in four stages. A delay is produced between clock operation 
of CCLK and CCLKB and clock operation of CCLK2 and CCLK2B so as to 
assure an operation margin of the register circuits of a left/right shift type 
illustrated in Fig. 23. The operation margin will be described in conjunction 
with Fig. 23(A) by way of example. The register circuit of a left/right shift type 
carries out shift operation by the control clocks CCLK2 and CCLK2B for 
opening and closing two latch circuits on the left and the right and by the control 
clocks CCLK and CCLKB for copying the data of one latch circuit to the 
adjacent latch circuit. At first, when CCLK is changed from LOW to HIGH at 
first, the data in the left and the right latch circuits are same. If CCLK2 is 
changed from LOW to HIGH later, no influence is given to the result. Next, 
when CCLK is returned from HIGH to LOW and if CCLK2 is returned from LOW 
to HIGH later, the right latch circuit is closed while the left latch circuit is opened. 
Therefore, the data are copied from the right latch circuit to the left latch circuit 
of the adjacent shift register so that the data flow from the right to the left. In 
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other words, forward shift is not achieved. If CCLK2 is first returned from LOW 
to HIGH, the right latch circuit is opened and the left latch circuit is closed. 
Therefore, the data are copied from the left latch circuit in the adjacent shift 
register to the right latch circuit so that forward shift is carried out. in backward 
shift operation, CCLK and CCLKB are operated reversely in phase to CCLK2 
and CCLK2B. In this case also, clock operation of CCLK2 and CCLK2B must 
be carried out first. 
[0176] 

In Fig. 25, CODECE(i) is a CODEC enable signal transmitted from the 
ECC controller 6 (Fig. 3) to each bank. The symbol i means the bank address 
0 = 0,1,2, 3). 

[0177] 

BAE(j) is a bank enable signal transmitted from the input buffer circuit 
(COMMAND DECODE) 8 of the control logic 209 of the SDRAM 10 in Fig. 1 to 
each bank. Corresponding to the PASR mode, the bank enable signal is HIGH 
for the bank which can be activated. Herein, the symbol j means the bank 
address (j = 0, 1, 2, 3). 

[0178] 

For example, if the PASR mode indicates four banks (full bank, default), 
all of BAE(0) to BAE(3) are HIGH. In case of two banks, only BAE(0) and 
BAE(1) are HIGH. If BAE(j) is LOW, CCLK is not supplied to the ECC-CODEC 
circuit 7 (Figs. 21 and 22). 

[0179] 

The above-mentioned circuit produces, from the internal clock ICLK, 
four clock signals (CLK, CLKB, CLK2, CLK2B) to be supplied to the 
ECC-CODEC circuit 7 (Figs. 21 and 22) and delivers the clock signals to a 
plurality of ECC-CODEC circuits 7. During the syndrome mode, CLK and 
CLK2 are operated in the same phase. In the correction mode, CLK and CLK2 
are operated in reverse phases. By switching between the same-phase and 
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the reverse-phase operations, the ECC-CODEC circuit 7 (Figs. 21 and 22) 
enables forward and backward operations of the shift registers. 
[0180] 

Referring to Fig. 26, another super self-refresh operation sequence 
(Entry/Exit Scheme) of the semiconductor integrated circuit device in Fig. 1 is 
shown. 

[0181] 

In the entry exit scheme of the super self-refresh operation sequence 
illustrated in Fig. 2, the commends for "super self-refresh" (super self-refresh 
entry command (SSELF) and super self-refresh exit command (SSELFX)) are 
supplied to the input buffer circuit (COMMAND BUFFER) 8 of the control logic 
209 of the SDRAM 10 in Fig. 1 separately from the normal self-refresh 
command known in the art. Thus, this scheme is not general. In other words, 
the user must develop another control scheme (chip set or software) different 
from that of a general-purpose SDRAM and must make sacrifices in 
development cost and time in order to use the super self-refresh mode. 

[0182] 

On the other hand, the entry/exit scheme shown in Fig. 26 can be used 
by a user of the general-purpose SDRAM. Without having the commands for 
"super self-refresh", the normal self-refresh commands (self-refresh entry 
command (SELF: see External Operation at the third line in Fig. 26) and 
self-refresh exit command (SELFX: see External Operation at the third line in 
Fig. 26)) are directly used. Thus, the entry/exit scheme is basically similar to 
that for the self-refresh commands. 

[0183] 

After supplying the exit command (SELFX), it is assumed that only 
distributed refresh operation (in case of 256-Mb SDRAM, refresh cycles are 8k 
cycles (8192 cycles) and, therefore, a <REF> command is supplied in a cycle of 
about 7.8 (uisec in order to satisfy the refresh standard of 64ms) generally 
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carried out is performed during a defined exit-time (time period before 
completion of the correcting operation). During the correcting operation, the 
internal command issued by the ECC controller is accepted and the <REF> 
command supplied from the outside is neglected. After completion of the 
correcting operation, an idle state is restarted. Then, the <REF> command 
supplied from the outside is received and the refresh operation is carried out. 
In this manner, the correcting operation time (exit-time) depending upon the 
error rate of pause defect caused by a long-cycle refresh operation is absorbed 
and, holding the corrected data, the normal memory access operation can be 
started. 

[0184] 

In the exit scheme shown in Fig. 2, the time required for the correcting 
operation is varied and unfixed. Therefore, after completion of the correcting 
operation, the self-refresh mode is automatically started. However, the 
self-refresh mode is no more than the operation of automatically carrying out 
the above-mentioned distributed refresh operation inside. Thus, the scheme in 
Fig. 26 is same in effect. Which scheme is to be selected depends on the 
user. 

[0185] 

In case of the normal self-refresh, the exit-time is present and is on the 
order of 100 ns. In this case, the exit time is a time period before completion of 
the correcting operation and is on the order of several hundred ms. Generally, 
in case where the SDRAM is used, the distributed refresh operation is always 
carried out and a desired operation command is supplied between the <REF> 
commands. Thus, the exit scheme in Fig. 26 is no special operation although 
the exit-time is long, and is basically similar to the normal self-refresh. 

[0186] 

The entry/exit command may be same as the self-refresh command. 
In this case, the meaning of the command may be switched between the "super 
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self-refresh" and the normal self-refresh by setting of MRS or EMRS. 
[0187] 

In the foregoing, it is described that "the time required for the correcting 
operation is varied". In case of the schemes in Figs. 2 and 26, ICLK of internal 
origin is operated as the synchronization clock. Therefore, its cycle has 
production tolerance. The entry time (time required for Parity-Generation) is 
not precisely seen to the outside. Although not shown in the figure, CLK may 
be received from the outside during the entry/exit period and the entry/exit time 
may be defined by the number of cycles. 

[0188] 

Figs. 27 and 28 show state transition charts corresponding to the 
schemes in Figs. 2 and 26. These are examples in which the super 
self-refresh mode is added to the state transition chart of a mobile RAM as a 
base. 

[0189] 

The state transition chart in Fig. 27 corresponds to the scheme in Fig. 2. 
When a super self-refresh exit command (SSR EXIT) is inputted by a user, the 
state proceeds to a correct state (ERROR CORRECTION). After completion of 
the correct state, the state automatically proceeds to the self-refresh state. 
Herein, when a self-refresh exit command (SR EXIT) is inputted, exit is 
completed. 

[0190] 

The state transition chart in Fig. 28 corresponds to the scheme in Fig. 
26. As the commands for the "super self-refresh", a self-refresh entry 
command (SR ENTRY) and a self-refresh exit command (SR EXIT) are used 
instead of the super self-refresh entry command (SSR ENTRY) and the super 
self-refresh exit command (SSR EXIT) in Fig. 27. When the self-refresh exit 
command (SR EXIT) is inputted by a user, the state proceeds to the correct 
state (ERROR CORRECTION). When the correct state is finished, exit is 
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simply completed. 
[0191] 

A state transition chart in Fig. 29 is similar to a state transition chart in 
Fig. 27. When the super self-refresh exit command (SSR EXIT) is inputted by 
a user, the state proceeds to the correct state (ERROR CORRECTION). 
When the correct state (ERROR CORRECTION) is finished, exit is simply 
completed. 

[0192] 

Referring to Fig. 30, connection among the ECC controller 6 and the 
ECC-CODEC circuit 7 in the structure illustrated in Fig. 18 is shown in detail. 
The ECC controller 6 supplies the CODEC mode signal (INIT, PARITY, 
SYNDROME, CORRECT, CODECE) in common to the ECC-CODECs (Figs. 21 
and 22), 64 in number. An ICLK generator supplies ICLK (internal 
synchronization clock signal) in common to the ECC controller 6 (or 6* in Fig. 
11) and the control logic 209 of the SDRAM. The ICLK generator is supplied 
with an oscillation start instruction (ICLKON of HIGH) from the control logic 209 
of the SDRAM and starts oscillation. On the contrary, when an oscillation stop 
instruction (ICLKON of LOW) is supplied, oscillation is stopped. As the clock 
signal to the ECC-CODECs, the ICLK is converted through a CCLK generator 
(Fig. 25) into four synchronization clocks (CCLK, CCLKB, CCLK2, CCLK2B) to 
be supplied to every four ECC-CODECs in common. Thus, for 16 
ECC-CODECs per each bank, four CCLK generators (Fig. 25) are arranged. 
The clock signals to the ECC-CODECs are produced when the CODECE 
(codec enable) signal is HIGH. Per each bank, four clock signals are supplied 
and individually controlled by the ECC controller 6 if necessary so that the 
operation per bank is possible. The output of the MA (main amplifier) has two 
lines including a normal bus and an output bus to the ECC-CODEC which are 
switched in correspondence to the normal mode and the super self-refresh 
mode. The data read out in the normal mode are sent through the normal bus 
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and a common I/O bus and buffered in the data output register to be delivered 
to the outside. The data read out in the parity generation/correcting operation 
in the super self-refresh mode pass through the output bus to the ECC-CODEC, 
buffered in the register circuit (FF in Fig. 30), and successively supplied to the 
shift registers in the ECC-CODEC. The WB (write buffer) also has two lines 
including a normal bus and an input bus from the ECC-CODEC which are 
switched in correspondence to the normal mode and the super self-refresh 
mode. In the normal mode, write data supplied from the outside are buffered in 
the data input register and sent through the common I/O bus and the normal 
bus to be supplied to the WB (write buffer). In the parity generation in the 
super self-refresh mode, the parity bits produced from the ECC-CODEC pass 
through the input bus from the ECC-CODEC and supplied to the WB (write 
buffer). Although not shown in Figs. 30 and 31 , the parity bits may be buffered 
in the register circuit and then supplied to the WB like in the normal mode. The 
ECC-CODEC supplies the error location detection signal LOCATION and the 
error detection signal ERROR to the ECC controller 6. The outputs of the 
ECC-CODECs, 16 in number, for each bank are subjected to OR operation to 
finally produce the error location detection signal LOCATION and the error 
detection signal ERROR for each bank. As regards the location detection 
signal LOCATION, the error location detection signals LOCATION of four banks 
are simply subjected to OR operation to produce a single LOCATION signal 
which is supplied to the ECC controller 6. On the other hand, the error 
detection signals ERROR are AND'ed with the bank enable signal BAE(j) 
activated in correspondence to the PASR (partial self refresh) mode to produce 
a single ERROR signal which is supplied to the ECC controller 6. For example, 
the bank enable signals BAE(O) and BAE(1) are HIGH if the PASR mode 
indicates two banks and otherwise LOW. As regards the error detection signal 
ERROR, only the error detection signals ERROR from the banks 0 and 1 are 
OR'ed and supplied to the ECC controller 6. In this manner, the ERROR 
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signals of the banks 2 and 3 which are not guaranteed of operation can be 
neglected. Therefore, in the ECC controller 6, it is possible to omit issuance 
and operation of the useless internal commands in the correcting operation. 
[0193] 

Next referring to Figs. 32 and 33, supplemental description will be made 
of the correcting operation in Figs. 9 and 10. Figs. 32 and 33 show the left half 
and the right half of details of operation (corresponding to the correcting 
operation in Figs. 9 and 10) from the syndrome calculation to the error location 
detection in the super self-refresh operation in case where the ECC controller 6' 
in Fig. 11 and the ECC-CODEC circuit 7 in Figs. 21 and 22 are used. 

[0194] 

Output of the ECC controller 6' is carried out through the register 
circuits 14, 15, and 17. Therefore, the outputs of the command generator 11 
and the address generator 12 are delayed by one cycle through the register 
circuits 14, 15, and 17. At first, in the syndrome calculation shown in Fig. 9, 
the stream of data is directed in one direction from the ECC controller to the 
control logic and the ECC-CODEC circuit. Therefore, only the output of the 
ECC controller is delayed by one cycle from the outputs of the command 
generator and the address generator, as in Fig. 9. The four clocks CCLK, 
CCLKB, CCLK2, CCLK2B supplied from a clock supplying circuit 
(CCLK-GENERATOR) in Fig. 25 are set by the delay circuit DL1 (Fig. 25) so 
that the clocks CCLK and CCLKB are operated behind in comparison with the 
clocks CCLK2 and CCLK2B to assure an operation margin of the cyclic shift 
operation of the ECC-CODEC circuit. If the delay relationship is reversed, the 
shift registers will destroy the data. After completion of the issuance of the 
command of the syndrome calculation, the command generator accepts the 
error detection signal ERROR (ERROR Detect). In this event, the command 
generator waits the error detection signal with a margin for the delay time 
required for the error detection signal to reach the ECC controller after the 
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outputs of the 64 ECC-CODEC circuits are produced and OR'ed. In the 
example illustrated in Figs. 32 and 33, the error detection signal ERROR is 
received at a third cycle from the issuance of the last <PRE> command. If the 
error detection signal ERROR is HIGH, the ECC controller proceeds to the error 
location detection in the following manner. At first, the CORRECT signal is 
turned HIGH and CCLK and CCLKB are inverted and outputted irrespective of 
ICLK. In this operation, the data memorized in the shift register circuit (Fig. 23) 
are processed in the following manner. The data memorized in the left latch 
circuit are copied to the right latch circuit so that the data in the left and the right 
latch circuits become identical. In a next one cycle, the SYNDROME signal is 
turned LOW and the four clocks CCLK, CCLKB, CCLK2, CCLK2B are inverted. 
Simultaneously, CORRECTB is inverted and backward cyclic shift of one bit is 
carried out. Again, the clocks CCLK and CCLKB are operated behind in 
comparison with the clocks CCLK2 and CCLK2B to assure an operation margin 
of the shift operation. This is assured by the delay circuit DL2 of the clock 
supplying circuit (CCLK-GENERATOR) in Fig. 25. The delay relationship is 
always maintained also in subsequent clocking operations by the delay circuit 
DL1 of the clock supplying circuit (CCLK-GENERATOR) in Fig. 25. By 
controlling the SYNDROME and the CORRECT signals, the ECC-CODEC 
circuit proceeds from the syndrome mode into the correction mode. CCLK and 
CCLKB are reverse in phase to CCLK2 and CCLK2B so that backward cyclic 
shift can be carried out. By the one-bit shift mentioned above, the syndrome 
pattern for the bit read out from the memory cells at the last of the syndrome 
calculation appears in the shift registers of 16 bits in the ECC-CODEC. When 
only the uppermost or most significant bit is HIGH and the remaining bits are 
LOW, the error location detection signal LOCATION is HIGH and the ECC 
controller detects that the bit in question is in error. In order to carry out error 
judgment for a subsequent readout bit, the CODECE (codec enable) signal is 
turned HIGH. The four clocks CCLK, CCLKB, CCLK2, CCLK2B are supplied 
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from the clock supplying circuit (CCLK-GENERATOR) in Fig. 25. Backward 
cyclic shift is carried out and error detection in the subsequent readout bit is 
performed. In parallel, the address generator carries out backward shift of the 
internal address. The backward shift of the address is started three cycles 
after the CODECE (codec enable) signal is turned HIGH. In case where the 
error location detection signal LOCATION is turned HIGH as a result of the 
subsequent backward cyclic shift of the shift registers, the ECC controller is 
responsive to the error location detection signal and turns the CODECE signal 
into LOW to stop the operation of the ECC-CODEC circuit. At first, in a cycle 
of receiving the LOCATION signal, one-cycle cyclic shift is carried out. 
Furthermore, since the output of the command generator is produced through 
the register circuits, the stop of the ECC-CODEC circuit is delayed by one cycle. 
The error location detection signal LOCATION is produced also through the 
registers and is therefore produced from the ECC-CODEC circuit with one-cycle 
delay. Therefore, the result of judgment one bit before is seen. Thus, the 
error location detection is delayed by three cycles. Therefore, the 
ECC-CODEC circuit (Figs. 21 and 22) has three registers memorizing the 
LOCATION signal to memorize previous values back to the value (L3) three 
cycles before. By the value, inversion of the rewritten data is controlled (76 in 
Fig. 22). For this purpose, the address generator delays the internal address 
backward shift operation by three cycles. Supplied with the error location 
detection signal LOCATION of HIGH, the ECC controller issues the internal 
commands for stopping backward shift operation of the ECC-CODEC circuit 
and the address generator and for inverting the error bit and rewriting the 
corrected bit. By the delay control mentioned above, error judgment of the bit 
in question and the address are coincident and the error correction can properly 
be carried out. The ECC controller finishes the issuance of the internal 
command and, for next error location detection, the backward cyclic shift of the 
ECC-CODEC circuit and backward shift operation of the address generator are 
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started. Herein, the delay relationship by the three cycles is maintained. 
[0195] 

[Effect of the Invention] 

As described above, according to this invention, it is possible to provide 
a semiconductor integrated circuit comprising an ECC controller for controlling 
an ECC-CODEC circuit under control of a control logic (CONTROL LOGIC) of a 
SDRAM. 

[Brief Description of the Drawing] 
[Fig. 1] 

A block diagram of a semiconductor integrated circuit device according 
to one embodiment of this invention. 
[Fig. 2] 

A waveform chart for describing a sequence of a super self-refresh 
operation (entry/exit scheme) of the semiconductor integrated circuit device 
illustrated in Fig. 1. 

[Fig. 3] 

A block diagram of an ECC controller of the semiconductor integrated 
circuit device illustrated in Fig. 1. 
[Fig. 4] 

(A) is a view showing a FF (flip-flop) circuit used as each register circuit 
of the ECC controller illustrated in Fig. 3 and (B) is a view showing an internal 
structure of the FF circuit. 

[Fig. 5] 

A waveform chart for describing an operation of the FF circuit illustrated 
in Fig. 4. 

[Fig. 6] 

A block diagram of an ECC-CODEC circuit of the semiconductor 
integrated circuit device illustrated in Fig. 1. 
[Fig. 7] 
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A view for describing parity-generation (1) (parity bit calculation) in an 
example 1 of a super self-refresh internal operation carried out in the 
ECC-CODEC circuit illustrated in Fig. 6. 

[Fig. 8] 

A view for describing parity-generation (2) (parity bit writing) in the 
example 1 of the super self-refresh internal operation carried out in the 
ECC-CODEC circuit illustrated in Fig. 6. 

[Fig. 9] 

A view for describing a correcting operation (Correct) (1) (syndrome 
calculation) in an example 2 of the super self-refresh internal operation carried 
out in the ECC-CODEC circuit illustrated in Fig. 6. 

[Fig. 10] 

A view for describing a correcting operation (Correct) (2) (detection of 
error location and writing of correct data) in the example 2 of the super 
self-refresh internal operation carried out in the ECC-CODEC circuit illustrated 
in Fig. 6. 

[Fig. 11] 

A block diagram showing another ECC controller 6 1 used in the 
semiconductor integrated circuit device in Fig. 1 instead of the ECC controller 6 
illustrated in Fig. 3. 

[Fig. 12] 

A block diagram showing a BIST controller 6" used in the 
semiconductor integrated circuit device in Fig. 1 instead of the ECC controller 6 
illustrated in Fig. 3. 

[Fig. 13] 

A view showing an operation sequence related to a BIST function of the 
BIST controller 6 M illustrated in Fig. 12. 
[Fig. 14] 

A view showing an error correction circuit 7' which can be used in the 
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semiconductor integrated circuit device in Fig. 1 instead of the ECC-CODEC 
circuit 7 illustrated. 
[Fig. 15] 

A block diagram showing an example in which the semiconductor 
integrated circuit device in Fig. 1 includes an error recording circuit 24 added to 
the ECC-CODEC circuit 7. 

[Fig. 16] 

A view showing an example in which an error detection circuit is added 
to the ECC controller 6 or the ECC controller 6\ 
[Fig. 17] 

A block diagram of a semiconductor integrated circuit device according 
to another embodiment of this invention. 
[Fig. 18] 

A block diagram of a semiconductor integrated circuit device according 
to still another embodiment of this invention. 
[Fig. 19] 

A view for describing an example 1 (burst length 1 , no error) of a 
self-test operation of the BIST controller 6" illustrated in Fig. 12. 
[Fig. 20] 

A view for describing an example 2 (burst operation, occurrence of error, 
reading of result) of the self-test operation of the BIST controller 6" illustrated in 
Fig. 12. 

[Fig. 21] 

A view showing a left half of a specific example of the ECC-CODEC 
circuit 7 illustrated in Fig. 6. 
[Fig. 22] 

A view showing a right half of the specific example of the ECC-CODEC 
circuit 7 illustrated in Fig. 6. 
[Fig. 23] 
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Views showing shift registers 731 , 732 and 733 of a left/right shift type 
in a circulating circuit 73 of the ECC-CODEC circuit 7 illustrated in Fig. 22. 
[Fig. 24] 

A view showing an EX-OR circuit 734 in the circulating circuit 73 of the 
ECC-CODEC circuit 7 illustrated in Fig. 22. 
[Fig. 25] 

A view showing a circuit for supplying clocks to the ECC-CODEC circuit 
7 illustrated in Figs. 21 and 22. 
[Fig. 26] 

A waveform chart for describing another sequence of the super 
self-refresh operation (entry/exit scheme) of the semiconductor integrated circuit 
device illustrated in Fig. 1. 

[Fig. 27] 

A state transition chart corresponding to the system in Fig. 2. 
[Fig. 28] 

A state transition chart corresponding to the system in Fig. 26. 
[Fig. 29] 

A state transition chart similar to that in Fig. 27. 
[Fig. 30] 

A view showing a left half of connection between an ECC controller 6 
and an ECC-CODEC circuit 7 in the semiconductor integrated circuit device 
illustrated in Fig. 18. 

[Fig. 31] 

A view showing a right half of connection between the ECC controller 6 
and the ECC-CODEC circuit 7 in the semiconductor integrated circuit device 
illustrated in Fig. 18. 

[Fig. 32] 

A view showing a left half of the super self-refresh operation from 
syndrome calculation to error location detection in case where the ECC 
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controller 6' illustrated in Fig. 11 and the ECC-CODEC circuit 7 illustrated in 
Figs. 21 and 22 are used. 
[Fig. 33] 

A view showing a right half of the super self-refresh operation from 
syndrome calculation to error location detection in case where the ECC 
controller 6' illustrated in Fig. 11 and the ECC-CODEC circuit 7 illustrated in 
Figs. 21 and 22 are used. 

[Description of Reference Numerals] 

1 control signal 

2 internal command 

3 internal address 

4 operation mode signal 

5 error detection and error location detection signal 

6 ECC controller 
6' ECC controller 
6" BIST controller 

7 ECC-CODEC circuit 
T error detection circuit 

8 input buffer circuit 

9 self-refresh control circuit 

10 SDRAM 

11 command generator 

12 address generator 

13 register circuit 

14 register circuit 

15 register circuit 

16 register circuit 

17 register circuit 
209 control logic 
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[Name of Document] ABSTRACT 
[Abstract] 

[Object] To provide a semiconductor integrated circuit device having an ECC 
controller for controlling an ECC-CODEC circuit. 
[Means for Solution] 

A command decoder 8 is adapted to receive not only an external 
command but also an internal command. An ECC controller 6 has a command 
generator and an address generator. When the command decoder 8 decodes 
an external entry command, the command generator instructs encoding to an 
ECC-CODEC circuit 7 and the address generator sequentially produces 
addresses which are supplied to a memory array. The ECC-CODEC circuit 7 
produces check bits for error detection/correction with reference to information 
data of the memory array. Upon completion an encoding operation of writing 
the check bits into a predetermined region of the memory array, the ECC 
controller 6 delivers an end signal to the command decoder as the internal 
command to make a super self-refresh control circuit 9 start a super self-refresh 
operation. 

[Selected Figure] Fig. 1 
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